Introduction
Alzheimer's disease (AD) is a protein misfolding disease leading to the loss of cognition and progressive memory impairment. Pathologically, AD is characterized clinically by the presence of abundant deposition of extracellular amyloid plaques of the Aβ peptide and intracellular NFTs of tau protein. Tau protein is toxic regardless of its post-translational modifications (Amadoro et al. 2006) . The suppression of tau protein blocks Aβ-induced apoptosis (Rapoport et al. 2002) and reduces memory deficit (Santacruz et al. 2005) . Due to the presence of neurofibrillary tangles (NFTs) in the AD patient's brain, tau protein level is eightfold higher compared to the healthy brains (Khatoon et al. 1992; Kopke et al. 1993) . The amyloid plaques of Aβ caused by mutations in the amyloid percursor protein (APP) gene. Aβ peptides are released from APP through the sequential protease activity. Therefore, the accumulation of Aβ in brains could be related to the APP metabolism. APP is a single-pass transmembrane protein that includes the amyloid precursor-like proteins (APLP1 and APLP2) with large extracellular domain (Sezgin and Dincer 2014) .
Aβ and Aβ 1-42 are two major types of the Aβ fragments which can form soluble monomers, oligomers, insoluble tangles and amyloid plaques. Aβ 1-42 has more Abstract Alzheimer's disease (AD) is a neurodegenerative disorder caused by overproduction and accumulation of amyloid beta-peptide (Aβ). The hallmarks associated with this AD are the presence of Aβ plaques between the nerve cell in the brain which leading to synaptic loss in memory. The amyloid plaques contain of transition metals like zinc, copper and iron. In a healthy brain, the metal ions are present in balance concentration. High concentrations of Zn are normally released during neurotransmission process. The release of Zn might cause the aggregation of Aβ leading to AD. Amyloid-β 1-42 is the main type of Aβ in amyloid plaque. There still have limited explanation on how Aβ 1-42 interaction with Zn metal, as well as the effect of Zn metal on the Aβ structure in different solvents in atomic detail. Therefore, we investigated the structural changes of Aβ 1-42 in water (Aβ-H 2 O) and the mixed hexafluoroisopropanol (HFIP) with water (Aβ-HFIP/H 2 O). The mixed solvent consisted of hexafluoroisopropanol (HFIP) and water was used with the ratio of HFIP:H 2 O (80:20) . The effect of zinc ion was also examined for the interaction of Aβ peptide with zinc in water (Aβ-Zn-H 2 O) and mixed solvent (Aβ-Zn-HFIP/H 2 O) using all atom level molecular dynamics (MD) calculations for 1 μs. We found that Aβ-Zn-HFIP/H 2 O contained more α-helix compared to Aβ-HFIP/H 2 O while Aβ-H 2 O and Aβ-Zn-H 2 O produced well-dissolved structure and they contained more β-sheets. β-turns are possible to fibrillogenic and neurotoxic than Aβ 1-40, has been found to be the main component in AD amyloid plaque. Mutations in APP associated with early-onset Alzheimer's have been noted to increase the relative production of Aβ 1-42 (Yin et al. 2007 ). Many researchers have studied Aβ with different length (Baumketner et al. 2006b; Baumketner and Shea 2007; Cecchini et al. 2006; Naldi et al. 2012; Zheng et al. 2007) in various conditions and different solvents such as pure water or in solvent mixture containing hexafluoroisopropanol (HFIP) or trifluoroethanol (TFE) (Bajda and Filipek 2015; Jalili and Akhavan 2009; Kamiya et al. 2007 ; Lee and Ham 2011; Sgourakis et al. 2007 ; Wei and Shea 2006; Yang et al. 2009 ).
The interaction of Aβ 1-40 peptide (PDB code: 2LMN; Tycko Model) was studied during Aβ-oligomerization (Rao et al. 2013) , as well as the ability of galantamine to prevent Aβ-oligomerization (Scott and Orvig 2009) . The potential binding site of galantamine with Aβ 1-40 peptide was determined by molecular docking, followed by MD simulation suggested that galantamine can bind at the central region composing of Lys16-Ala21 and the C-terminal region consisting of Ile31-Val36 (Rao et al. 2013) . Besides that, the molecular interaction between Aβ molecular protofilaments and lipid bilayer membranes was investigated in the presence of explicit water molecules by using computational tools and all-atom molecular dynamics (Tofoleanu and Buchete 2012) .
Amyloidogenic proteins, Aβ peptides and islet amyloid polypeptide (IAPP) with misfolding propensities, could influence the AD and type II diabetes. Aβ and IAPP were representing amyloidoses which highlighted the primary considerations for studying misfolded proteins associated with human diseases (DeToma et al. 2012 ). The Aβ 10-35 peptide folding was probed using replica-exchange molecular dynamics (REMD) simulations in explicit water. Under physiological temperature and pressure, Aβ 10-35 peptide did not possess a single unique folded state. This peptide existed as a mixture of collapsed globular states that remained in rapid dynamic equilibrium with each other. This conformational ensemble is dominated by random coil and bends structures with the insignificant presence of α-helical or β-sheet structure. Results from the simulations also showed that the Aβ 10-35 peptide under physiological conditions did not fold to a unique native state but rather existed as an ensemble of inter-converting conformations (Baumketner and Shea 2007) .
The role of HFIP/water mixture in stabilizing the helical structure was explored by investigating the interactions of the solvent molecules with the peptide backbones experimentally (Wei and Shea 2006) . The HFIP with a polar hydrophobic side chains can better dissolve Aβ . It is also a helix-promoting ability similar to that of TFE. The structure of Aβ 1-42 found in aqueous HFIP can be a medium that mimics the lipidic environment of membranes in boomerang shapes. Besides that, Aβ 25-35 adopted mostly the helical structure in HFIP/water cosolvent, while the structure of peptide was mostly in collapsed-coil form as well as a lesser extent of β-hairpins in pure water. Thus, different solvents can affect the structures in different ways. Fluorinated alcohols such as hexafluoroisopropanol (HFIP) and trifluoroethanol (TFE) are commonly used to stabilize the helical structure. However, these solvents can act as protein denaturants as well (Brooks and Nilsson 1993) .
The relationship between the AD disease and metals has been mostly studied by focusing on local accumulations of plaques in brain areas at high risk for AD (Squitti et al. 2013) . The hypothesis of Aβ-induced oxidative stress in AD patients (Ansari et al. 2009; Markesbery 1997) has been supported by Aβ-induced elevation of oxidative stress marker in brain and the subsequent neuronal degeneration (Frautschy et al. 1991) . The research interest on the metal ions' position, specifically zinc, copper, aluminium, and iron in the neurobiological processes is growing rapidly. There are increasing evidences which demonstrate the interactions of zinc (II) and copper (II) ions with Aβ peptides and their effects towards fibrilization and toxicity. A lot of Zn 2+ and Cu 2+ ions are present in the synaptic area of the brain. It is possible that the age-related dyshomeostasis of these biometals are associated with the AD pathology. In this study, MD simulations using all atom level were applied on Aβ 1-42 with and without Zn in different solvent for 1 µs. Our simulations show the interaction of Aβ 1-42 peptide with zinc and how zinc binding affects the secondary structure of Aβ 1-42 in pure water and mixed HFIP and water. An all atom method allows us to investigate the interaction of Aβ 1-42 with Zn 2+ ion in more detail. AD researhers nowadays uncover the neurodegenerative role of transition metals and the oxidative stress as major cellular problems. As reported experimentally, the concentrations of metal ions in a healthy brain should be at low level. (Kozlowski et al. 2009 ) and the imbalance of transition metal cations is assumed to contribute to Aβ deposition (Bush 2003) . Copper, zinc and iron are found to be highly concentrated in Aβ plaques inside the brain of AD patients. In addition, transition metals are known to participate in biochemical reactions that produce free radicals. The link between AD and metals has been extensively investigated in experiments with focus on local accumulations in brain areas which is critical in AD. More recently, a wider view has proposed a relationship between AD and systematic changes of metal metabolism upon genetic variability (Squitti et al. 2013) .
Metal ions are ubiquitous in protein systems and play a significant role during their folding processes (Wu et al. 2012) . Aβ aggregation and its toxicity are thought to be connected with metal ions. Zn(II) and Cu(II) can interact with Aβ, thus producing the fibrillization and toxicity (Tiiman et al. 2013) . Metal dyshomeostatis and the imbalance of metal ions are found in the AD brain. Metal ions such as calcium, magnesium and iron play an essential role in the brain as catalysts and gene expression regulators in the central nervous system (CNS) metabolism. Metal present in CNS with an optimal condition in order to prevent aberrant behaviour. However, metal can also effect Aβ synthesis, degradation and clearance. Aβ peptide is able to bind with copper, zinc and iron metal ions in different afinities to form complexes. The effect of metal ions in the aggregation of human Aβ has been studied in vitro (Miura et al. 2000) . Some experimental studies showed that Zn 2+ and Cu 2+ could bind with Aβ by forming complexes with histidine residues (Silva and Saxena 2013; Stellato et al. 2006) .
Several researchers stated that Zn 2+ ions triggered Aβ aggregation (Bush et al. 1994; Esler et al. 1996; Mantyh et al. 1993) and an abnormally high level of zinc ions was found within amyloid deposits in AD patients (Lovell et al. 1998; Suh et al. 2000) . However, the role of zinc ions in amyloid deposition is a subject of debate (Cuajungco and Fagét 2003; Cuajungco et al. 2005) as Zn 2+ ions can induce the deposition of Aβ in the form of nonfibrillar aggregates (Parbhu et al. 2002; Yoshiike et al. 2001) . Additionally, Zn 2+ ions has been shown to act as an antioxidant which is able to protect amyloid protein from extensive redox chemical reactions that contribute to AD-related oxidative stress (Curtain et al. 2001; Valko et al. 2005) . Zn 2+ ion is among the most abundant transition metal in human body. The composition of zinc ion in human body is higher than copper ion. In addition, the concentration of zinc ion is particularly high in certain brain areas. Beside that, high levels of zinc ion has been found to be present in amyloid plaque and NFT, which also affect tau fibrillization and promotes tau aggregation (Mo et al. 2009 ). Therefore, this metal ion has been focused to be attention in this study. However, there is no experimental data available for explaining Aβ 1-42 interaction with Zn 2+ in detail. Previous NMR studies of Aβ 1-40 at pH 7.4 has shown a major binding site common for Zn 2+ and Cu 2+ with H6, H14 and the N-terminus as ligands (Danielsson et al. 2007; Rezaei-Ghaleh et al. 2011) .
Due to the experimental limitations, theoretical and computational approaches such as MD simulations have been applied to give structural and mechanistic information for aggregation processes of Aβ proteins (Nilsson 2004; Takano 2008; Vivekanandan et al. 2011) . The interaction of Zn 2+ cations with oligomers of Aβ 1-42 by using MD and REMD simulation was studied (Miller et al. 2010) . Other study use nine helices of undecapeptide Aβ 13-23 were and the progress of amyloid formation using MD simulation for 500 ns in the implicit membrane environment were studied (Bajda and Filipek 2015) . So far, there is no detail explanation on how basically Aβ 1-42 interacts with Zn 2+ ion through atomistic MD simulation and the effect of metal on the structure and flexibility of this peptide. Some studies stated that the presence of Zn 2+ ion allowed Aβ 1-42 to form complexes with histidine residues (Silva and Saxena 2013; Stellato et al. 2006) . Thus, MD simulations were carried out using the peptide docked to Zn 2+ ion, as prepared using AutoDock Vina software (Trott and Olson 2010) . The docked structure with the lowest binding energy was selected as the initial structure for MD simulations in different conditions. The model systems included Aβ-H 2 O, Aβ-HFIP/H 2 O, Aβ-Zn-H 2 O and Aβ-Zn-HFIP/H 2 O. Here, MD simulations were performed in order to investigate the effect of zinc on Aβ 1-42 and to determine the structural changes and flexibility of the protein upon metal binding. Since the use of different solvents can also affect the structural properties of Aβ 1-42 , therefore the interactions of water and mixed HFIP/H 2 O solvent with Aβ 1-42 were also examined. The PDB structure was selected as the starting structure for both molecular docking and MD simulation study. There are 42 residues in Aβ 1-42, as shown in Fig. 1 . The fibrillogenesis which may happen in AD cases, involves an oligomeric α-helical intermediate (Kirkitadze et al. 2001) . The structural characterization of a monomeric and soluble form of Aβ 1-42 in an isotropic media is necessary not only to shed some light on the steps involved in the fibrollogenesis, but also to evaluate the role of amyloid-β in the interaction with the membrane.
The structure of Aβ 1-42 was found in aqueous hexafluoroisopropanol (HFIP) to mimicks the lipidic environment of membranes. The second helix (residue 28-38) of Aβ 1-42 structure corresponds to the transmembrane region of APP with the typical amino acid composition of transmembrane helices for example small (Gly and Ala) and hydrophobic (Ile, Leu, Met and Val) residues (Crescenzi et al. 2002; Eilers et al. 2000) . Its only charged residue along with this sequence is Lys28, which is placed at the N-terminal end of the helix (Crescenzi et al. 2002) . 
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We probed a 1:1 ratio of zinc ion and peptide under pH 7.0 condition. Figure 2 , shows the starting configuration of the Aβ 1-42 bound with zinc ion as followed by the previous trend (Curtain et al. 2001; Zirah et al. 2006) . The zinc ion binding to apo-Aβ (1-16) appeared to produce a stabilizing effect rather than a drastic transformation. Their orientation suggested the presence of stabilizing intramolecular hydrogen bonds involving the pairs Asp7/Lys16 and Glu11/ His13, as well as the backbone carbonyl group of His14 and the Tyr10 side chain. They used X-PLOR or ICMD programs without introducing any constraints related to the cation binding therefore in the presence of Zn 2+ , the model structure of Aβ (1-16) become more compact structure. By comparing with the apoAβ (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) folding, the structure of the N-terminal region was better defined, and a global reorientation of most side chains toward the inside of the structure was observed, which particularly concerned those of all three histidines (Zirah et al. 2006 ). Other study suggested that Aβ zinc-binding site may be located in two peptide domains, including the disordered N-terminal domain (residues 1-16) and the C-terminal domain (residues 17-42). In addition, the Aβ sequence, His, Glu and Asp are potential residues to coordinate with the metal ions (Miller et al. 2010) .
Methodology
Four MD simulations including Aβ-H 2 O, Aβ-HFIP/H 2 O, Aβ-Zn-H 2 O and Aβ-Zn-HFIP/H 2 O were performed using GROMACS software package (Berendsen et al. 1995; Lindahl et al. 2001) . All-atom level force field provides parameters for every single atom within the system while the united-atom force field produces parameters for all atoms except the non-polar hydrogen. The numerous sets of parameters can be defined within one set of equations. These force field parameters include AMBER (Wang et al. 2004) , CHARMM (MacKerell et al. 2002) , OPLS (Jorgensen et al. 1996; Kaminski et al. 2001 ) and GROMOS (Bonvin et al. 2000; Oostenbrink et al. 2004; Schuler et al. 2001; van Gunsteren et al. 1996) . The employed GROMACS package in this study supports the GROMOS-96 force fields (van Gunsteren et al. 1996) . GROMOS-96 force field is an improved version of the GROMOS-87 (Van Gunsteren and Berendsen 1987) . It has been parameterized with a Lennard-Jones cut-off value of 1.4 nm because the Lennard-Jones forces are almost zero beyond 1.4 nm.
The GROMOS-96 53A5 and 53A6 force fields (Oostenbrink et al. 2004) are the results of a complete reparameterization of the non-bonded interaction parameters for condensed phase simulations of pure small molecules in liquid phase (53A5) and solutions of molecular systems in water or apolar solvents (53A6). Therefore, GROMOS96 force field was selected to treat the potential energy of the model systems (Bonvin et al. 2000; van Gunsteren et al. 1996) . All simulations began with minimized NMR structure (PDB code: 1IYT) of the Aβ 1-42 peptide. Two MD simulations were carried out with the peptide docked randomly to zinc by using AutoDock Vina software (Trott and Olson 2010) in order to find the potential interactions between peptide and metal ion and the two highest ranking docking poses which showed similar binding energy values were selected as the initial structure. Therefore, a plugin was set to allow binding site analysis with PyMOL (Schrödinger 2010) . From the total of nine docked structures generated during molecular docking process, a single docked conformation of Aβ 1-42 -Zn 2+ with the lowest binding energy was selected as the initial structure for MD simulation study with metal ion. The binding energies of single Aβ 1-42 which was randomly docked to zinc ion is summarized in Table 1 .
From the results, the energy difference among the binidng modes was small as the energy values fell within the range of −0.8 to −0.9 kcal/mol. The top two conformations with the lowest energy were mode 1 and 2 had the same binding energy but different in RMSD values for both lower (l.b) and upper boundaries (u.b). Mode 1 revealed the interaction of zinc ion and Valine-39, Isoleucine-41 and Alanine-42 residues in which RMSD values for distance and best mode were 0.00 Å while in mode 2, zinc ion was connected to the Aspartate-23 and Asparagine-27 with the best mode at RMSD, 22.68 Å. The structure obtained was the same as the structure proposed by Miller et al. (2010) in which the zinc ion was connected to aspartate residue. Further analysis was done by using the Discovery Studio 4.0 Visualizer (Studio and Insight 2009) which had a tool to analyze the protein-ligand interactions automatically. Ligand and the hydrophobic interactions between the receptor, Aβ 1-42 and the ligand, Zn 2+ ion were analyzed to confirm our selected docked conformation.
From results summarized in Table 2 , three ligand interactions were found between zinc ion and Aβ 1-42 in mode 1. In addition, two ligand interactions were formed in mode 2 where the interaction between Hydrogen atom (H) that connected to Nitrogen atom (N) in Asparagine-27 was strong due to its shorts distance with the length of 2.12 Å. The second interactions are between the oxygen atoms of Aspartate-23 with zinc ion with the length of 2.48 and 4.43 Å as illustrated by Fig. 3 .
All four peptides were solvated both in water and in a HFIP/water (80:20) mixture. The number of molecules used in the system simulated were summarized in Table 3 .
Water was modeled by explicit simple point-charge (SPC) model (Berendsen et al. 1981) and HFIP was modeled based on all-atom level model produced by the Automated Topology Builder (ATB) (Malde et al. 2011) . All simulations were performed in periodic boundary conditions at x = 60, y = 60 and z = 60 in a dodecahedron box with the minimum distance between the solute and the box wall being 1.0 nm. The LINCS algorithm (Hess et al. 1997 ) was used to constrain all bond lengths in the peptides and HFIP whereas the SETTLE algorithm (Miyamoto and Kollman 1992) was chosen for the water molecules to allow an integration timestep of 2 fs. The total charge of Aβ 1-42 were −3 a.u. This charge represents the biologically relevant state of the system (Baumketner et al. 2006a; Ohnishi and Takano 2004) . The net charges of the systems were neutralized by replacing water molecules in the mixed solvent and water with three sodium ions. Additionally, only one sodium ion was added when zinc ion was present in the models.
For each model, the system was first energy minimized with positional restraint on solutes, followed by a minimization without any restraints to relax the solvent molecules. All models were heated to 300 K in an NPT ensemble (constant number of particles, pressure, and temperature), followed by a short equilibration for 1 ns in NVT ensemble (constant number of particles, volume, and temperature). The electrostatic interactions were cut-off at 1.0 nm using the particle mesh Ewald (PME) algorithm (Darden et al. 1993; Essmann et al. 1995) . The fourth order interpolation was used by setting up the pme-order to four and the fourier spacing was equal to 0.14 nm. The cut-off value of van der Waals interaction was also set to 1.0 nm. The temperature was controlled by temperature coupling using velocity rescaling method (v-rescale) (Bussi et al. 2007 ) with the coupling constant of 0.1 ps. The pressure was kept at 1 bar by using Parinello-Rahman method with p = 2.0 ps (Berendsen et al. 1984; Parrinello and Rahman 1981) . All production simulations were performed for 1 μs at 300 K and 1 bar. The calculated results of average kinetic, potential and total energies of four Aβ 1-42 MD simulation in different conditions is recorded. The stability of the systems were investigated by calculating the root mean square deviation (RMSD) of peptide structure relative to the reference structure as a function of simulation time which was related to their atomic positions. It was assumed that atoms with little movement can preserve the structure and stabilize the system. In addition, the compactness of Aβ 1-42 peptide was measured based on the changes of the radius of gyration, R g . The solvent accessible surface area (SASA) was also analysed to evaluate the hydrophobicity of protein surface More over, the flexibility of peptide in different conditions were shown in root mean square fluctuation (RMSF). The Aβ 1-42 structure was then characterized using the secondary structure analysis and the pictorial database PDBsum. PDBsum provides a summarized information about each experimentally determined structural model in the Protein Data Bank (PDB) (Laskowski 2009 ). The VMD suite (Humphrey et al. 1996) and Discovery Studio 4.0 Visualizer (Studio and Insight 2009) was applied for 3D structure visualizations. Table 4 reports the average kinetic, potential and total energies of four Aβ 1-42 MD simulations in different conditions.
Results and Discussion

Energetics of Model System
As shown in Table 4 , the average total energies for Aβ 1-42 in water and solvent mixture were −304,907.00 and −72,462.20 kJ/mol, respectively, while for Aβ with zinc ion in water and mixed solvent, the average total energies of −306,019.00 and −51,623.70 kJ/mol were obtained. Both simulations in water produced the lowest average values of total energy. They were largely contributed by the average potential energies where the energy values for Aβ 1-42 without and with zinc ion in water were −371,608.00 and −372,738.00 kJ/mol, respectively. Additionally, the average potential energies in the solvent mixture for Aβ 1-42 simulations without and with zinc ion were −127,468.00 and −105,803.00 kJ/ mol, respectively.
As seen, the stability of Aβ 1-42 decreased in aqueous solution because water molecules could interact with the peptide polar groups and form CO(i) → NH(i + 4) hydrogen bonds (Levy et al. 2001 ) which increased the motion of molecules as shown by its increased kinetic energy as well. The simulations with zinc ion also showed the same findings in which the Aβ 1-42 with zinc in water produced higher kinetic energy. Thus, the α-helix hydrogen bond formation might result in destabilization and even the unwinding of the entire Aβ 1-42 .
Conformational Stability of Aβ 1-42 in Different Solvent
The conformational changes of Aβ 1-42 in four different solvent were analyzed using the RMSD calculation. Figure 4 shows the RMSD versus the starting conformation of Aβ 1-42 over time for 1 μs. From our results, the most stable structure was the Aβ-H 2 O (black) model with an average RMSD value of 2.35 ± 0.27 nm. For the Aβ-HFIP/H 2 O model (red), the first 27 ns showed an increase in the average RMSD value from 0.60 ± 0.00 nm to 1.05 ± 0.00 ns. After that, the deviation was decreased from 28 to 199 ns. It was more or less stable between 200 and 286 ns with an average value of 1.07 ± 0.14 nm. However, the deviation increased sharply from 287 to 432 ns. Towards 734 ns, a decreasing in deviation was again observed, and then it was kept constant in the remaining time of simulation with an average value of 1.38 ± 0.02 nm. A steep increase in RMSD was found in the Aβ-Zn-H 2 O model (green) in the first 50 ns of simulation. It was decreased from 51 to 164 ns. Then, the deviation continued to increase from 165 to 190 ns. The RMSD remained constant between 191 and 636 ns with an average value of 1.46 ± 0.04 nm, followed by a sudden increase from 637 to 673 ns. Later on, the fluctuation remained stable with an average value of 1.64 ± 0.03 nm until the end of simulation. The RMSD of Aβ-Zn-HFIP/H 2 O model (blue) slowly increased from 0 to 145 ns. It was then fluctuating back and forth with an increasing pattern. From 174 to 331 ns, the fluctuation decreased and the deviation continued to change significantly until 438 ns. After another increase in deviation towards 883 ns, the system became stable until the end of simulation with an average RMSD value of 0.90 ± 0.04 nm.
Our findings indicated that the Aβ 1-42 produced more conformations in the systems involved HFIP. According to Zimm-Bragg theory of the helix-coil equilibrium (Zimm and Bragg 1959) , short polypeptides might not form helices in water. This phenomenon has also been proven by numerous studies in which the tendency of helix formation in water is low (Soman et al. 1991; Van Buuren and Berendsen 1993) . Thus, fewer conformations will be produced in water than in organic solvent, as shown by our results. Also, it can be suggested that the addition of metal could highly affect the peptide structure.
From Fig. 4 , the structure of Aβ 1-42 peptide in water (Aβ-H 2 O) is almost similar finding to the initial structure during the simulation. Meanwhile, Aβ-HFIP/H 2 O, Aβ-Zn-H 2 O and Aβ-Zn-HFIP/H 2 O show the deviation from the initial structure. Among Aβ-HFIP/H 2 O, Aβ-Zn-H 2 O and Aβ-Zn-HFIP/H 2 O models, the Aβ-Zn-H 2 O structure presented the highest deviation. It can be seen that the stable conformation of Aβ 1-42 are strongly influenced by the solvent used. This results could be related to the effect of pH condition and metal concentration in the Alzheimer's patient brain (Ghalebani et al. 2012) .
The Compactness of Aβ 1-42 Peptide
The radius of gyration, R g is a measure of protein compactness which is calculated by using the g_gyrate command in GROMACS. If the protein remains folded and stable, R g will likely maintain in a relatively steady value. But, if the protein loses its secondary structure and unfolds, the R g value will change over time. In GROMACS, the radius of gyration is calculated by the following equation;
where m i is the mass of atom i and r i is the position of atom i with respect to the center of mass of the molecule. This calculation used to characterize the compactness of peptide in different solutions and conditions. The fluctuation of R g values over 1 μs simulation time for different model systems is shown in Fig. 5 . The Aβ-Zn-H 2 O model gave the lowest R g value compared to the other models within 700 ns. The average value of R g for Aβ-Zn-H 2 O model was 0.95 ± 0.10 nm, followed by Aβ-Zn-HFIP/H 2 O model with 1.19 ± 0.10 nm, while the other two systems with the absence of metal ion (Aβ-HFIP/H 2 O and Aβ-H 2 O models) produced higher average values of R g . The Aβ 1-42 peptide in water containing metal presented the highest compactness and more stable structure during 1 μs simulation time while maintaining its folded structure, despite the high fluctuations at the early stage of simulation from 0 to 200 ns. Aβ-Zn-H 2 O showed uniform pattern from 200 ns onwards while Aβ-Zn-HFIP/H 2 O showed a lot of fluctuations prior to the end of simulation. However, as shown in Fig. 5 , the structure of peptide tended to change between 100 and 200 ns due to an interaction between peptides, solvent and the metal ion.
On the other hand, the average R g value in Aβ-H 2 O model was higher than the others (2.51 ± 0.25 nm) with no obvious fluctuations. Even though the Aβ-H 2 O structure presented the less compact structure, the Aβ 1-42 peptide in water was still folded. This is consistent with RMSD results obtained. As opposed to the solvent mixture condition, Aβ-HFIP/H 2 O model produced an average R g value of 1.20 ± 0.16 nm. The curve was rolled down to native state from 0 to 150 ns. There was a sudden increase in R g value between 150 and 300 ns. Then, it fell back to native state and remained stable. This result may suggest that the structure of peptide in mixed solvents model is still changing, which is likely due to the interaction between the peptide and HFIP molecules. Overall, there was no significant increase or decrease in gyration radius for the Aβ-Zn-HFIP/H 2 O model, except for the first 200 ns of simulation where a sharp increase and decrease in R g values was observed. It was followed by a stable conformation for a short period. The radius decreased again for a few nanoseconds. Then, the model became stable with minor fluctuation only in the remaining time of simulation. The average R g value was 1.19 ± 0.04 nm.
As seen, both our RMSD and R g results were consistent. The shorter distance between the atomic contacts can maintain the folding conformation and its stability (Huang et al. 2015) . Figure 6 illustrates the most obvious changes in the amyloid-β conformations, as highlighted by R g analysis for different systems in different conditions.
Solvent Accessible Surface Area (SASA)
Solvent accessible surface area (SASA) analysis was also performed to calculate the amount of hydrophilic and hydrophobic areas available to the solvent (Fig. 7) . At 1 μs, we found 179 out of 409 atoms could be classified as hydrophobic and the presence of metal ion did not affect the SASA values significantly. At 700 ns, the amount of hydrophobic contents of Aβ-HFIP/H 2 O and Aβ-Zn-HFIP/ H 2 O produced the highest value compared to pure water with the amount of 23.11 ± 1.25 and 23.03 ± 1.67 nm 2 , respectively, but towards 1 μs, the peptide in pure water without zinc produced a higher value (110.22 ± 1.96 nm 2 ) followed by Aβ-HFIP/H 2 O with an average value of 37.81 ± 2.79 nm 2 . These results may suggest that the existence of peptide in solvent mixture can help retain the helical structure and make the peptide accumulate rather than interact with the water molecules. Thus, it was consistent with RMSD and R g values as folded conformations with small R g resulted in low SASA.
The α-helical state becomes destabilized in an aqueous environment, and the stable state is related to the conversion of helices into β-structures. Although the α-helices contribute more towards its stability in a hydrophobic environment, they are destabilized under hydrophilic conditions. The transition between the two states is the result of polar solvation of the native state in aqueous solution characterized by larger entropy and consequently, by a very efficient folding process. The dependence of the conformation of Aβ on the solvent characteristics, for example the polarity and dielectric constant of the solvent, is supported by experimental evidence that, the helical propensity of Aβ in water shows a dramatic increase after the addition of certain alcohols like trifluoroethanol (Cammers-Goodwin et al. 1996; Rohl et al. 1996) . 
Root Mean Square Fluctuations (RMSF)
The flexibility of residues presented here reflects the changes of the Aβ 1-42 peptide structure which can be seen from the C α root mean square fluctuations (RMSF) per residue (Fig. 8) . From our results, the β-sheets found in Aβ-H 2 O system appeared as an extended-β region with the most flexible residues including Lys16-Ala21, Gly29-Val36 and Val39-Ile41. While in bridge-β region, residues Tyr10 and Gly37 were detected to have more flexible. As shown in Fig. 8 , residues 28-42 of peptide in water system showed high flexibility (1.70 ± 1.07 nm) with extended-β sheet. Additionally, α-helix was found at His13-Lys16 with lower flexibility compared to other residues. In contrast, Aβ-HFIP/H 2 O was low in flexibility (0.17 ± 0.08 nm) due to the presence of a long α-helix at residues His13-Lys16.
In addition, the Aβ-Zn-H 2 O system demonstrated similar flexibility with Aβ-Zn-HFIP/H 2 O system. Both models reported RMSF values of 0.24 ± 0.09 and 0.26 ± 0.15 nm, respectively. This was due to the presence of metal ion. There was no α-helix present in the Aβ-Zn-H 2 O model system except β-sheets at residues Phe4-His16, Leu17-Ala21, Lys28-Gly33 and Val39-Ile41 compared to Aβ-Zn-HFIP/ H 2 O model which contained two α-helices at residues Val12-Ala21 and Ser26-Met35. This shows that, zinc ion has decreased the Aβ flexibility in both solutions. Some NMR investigations were done on small Aβ fragments in aqueous solution (Yang et al. 2009; Zhang et al. 2000) . Their findings stated that Aβ could not dissolve in water and tended to aggregate itself. Most NMR measurements on both Aβ and Aβ 1-42 are still on-going in micellar solutions (Coles et al. 1998; Shao et al. 1999 ) consisting of the mixtures of water and organic solvents, particularly fluorinated alcohols, such as TFE and HFIP (Crescenzi et al. 2002; Sticht et al. 1995) , to produce better results.
Our findings were consistent with the study performed by Yang et al. (2009) . The Aβ 1-42 peptide was less flexible when long α-helical contents were present. The higher flexibility of C-terminus implies that this region is more sensitive to the environment and it may play a vital role in the unfolding process of Aβ 1-42 (Yang et al. 2009 ). MD simulations and NOESY spectrum also showed that Aβ peptide were more flexible in water than in HFIP solution (Huang et al. 2015) . Unfortunately, in the presence of zinc ion the flexibility Aβ in water was less in both solvents.
Secondary Structure Analysis
In order to explore the conformational transition of Aβ in different solvent, the time dependence of secondary structure changes for Aβ 1-42 in different solvent is represented in Fig. 9 . Based on the secondary structure analysis, the amount of the helical structure in mixed HFIP/H 2 O solvent system was higher compared to the other model in water which did not produce any helical structure except β-sheet. Our results also showed that, solvent can highly affect the structure of peptide. We observed that the α-helix content was reduced when the peptide was dissolved in aqueous solution, thus more β-sheet obtained. The structure of Aβ-H 2 O model contained three β-sheet and two bridged-β, with altogether formed 33.3% of the total structure excluding the α-helix. In an aqueous solution, the water molecules with strong hydrogen bonding capabilities can be inserted between carbonyl CO and amidic NH groups of the peptide backbone and disrupt the intra-peptide hydrogen bonds, thereby destabilizing helical structures (Jalili and Akhavan 2009) .
Aβ can adopt a turn-helical structure in solutions containing at least 50% HFIP in volume (Jalili and Akhavan 2009; Tomaselli et al. 2006) . Therefore, a stable helix region was found in our Aβ-HFIP/H 2 O model. There was Fig. 8 The RMSF changes of Aβ 1-42 residues in different solvents and conditions as a function of time one α-helix (9.5%), three β-sheet, four turns, and three coils which appeared in Aβ-HFIP/H 2 O model system. However, HFIP is a better hydrogen bond donor but a poor acceptor compared with water. Therefore, it can locally enhance the backbone hydrogen bonding by removing the water molecules from the proximity of peptide and the formation of hydrogen bonds with backbone carbonyl groups. Since HFIP is not a good hydrogen bond acceptor, it will not affect the hydrogen bond between CO and NH groups (Jalili and Akhavan 2009) . Therefore, the carbonyl groups are engaged in bifurcated hydrogen bonds with both HFIP and NH and the helical conformation is stabilized (BUCK 1998) . The disruption of water structure around the peptide is a result of the hydrophobic association of TFE molecules with the apolar side chains of peptide, which is an entropically favorable process (Walgers et al. 1998) .
At the same time, after adding zinc ion in both conditions involving solvent, the result of secondary structure analysis showed that the Aβ-Zn-H 2 O system produced four β-sheet, four turns, and four coils with no helical structure. The amount of α-helix in Aβ-Zn-HFIP/H 2 O was about 21.4%, represented by two helices within residues from Val12 to Ala21 and from Ser26 to Met35. The N-terminal regions alternated between a turn and helical structure while the C-terminus adopted a mostly turn-like structure. The α-helix structure is usually replaced by π-helix, turn, and coil conformations which are intermediates for peptide unfolding (Luttmann and Fels 2006) . Furthermore, results showed that the presence of zinc ion produced more helices in Aβ structure, even though a small amount of β-sheet was produced in Aβ-HFIP/H 2 O. 
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The results were consistent with the RMSD and R g analyses which demonstrated a greater flexibility of Aβ in pure water than in solvent mixture, while the presence of zinc ion indicated reversible results for the structure of Aβ. There was no α-helix detected in Aβ-H 2 O and Aβ-Zn-H 2 O models. Both structures contained more β-sheet in water compared to Aβ in solvent mixture. As reported, the insertion of the strong electronegative trifluoromethyl group can significantly increase the acidic nature of the carboxylic acid. The fluorinated particles or micelles may have higher charge surface densities than their hydrogenated analogs and bind strongly to peptide molecule. If the α-helix is stable enough, amyloid fibrils will not be formed. This means that the helices or fibrils are formed only in the conditions with lower energy barrier, without significant increase in the energy for the conversion to β-sheet (Rocha et al. 2012) .
If a deep energy well is created for the α-helix, then fibril formation will be prevented (Kirkitadze et al. 2001) . All structures in different solvent conditions are illustrated in Fig. 10 . Table 5 reports the amount of helical structures, β-sheets, turns and coils of Aβ 1-42 in different conditions over 1 μs. For the Aβ-H 2 O model, from 200 ns until the end of simulation, no α-helix structure was obtained in water as 17 residues represented β-sheet and 25 residues turned into coils and turns. Further analysis showed that, the structure of Aβ-H 2 O model system contained three β-sheets and two bridged-β, altogether formed 33.3% of the total structure excluding the α-helix. It is proven that in water, the Aβ 1-42 tends to produce more β-sheet structures and no helical structure. In an aqueous solution, the water molecules with strong hydrogen bonding capabilities can form H bonds between carbonyl, CO and amidic, NH groups of the peptide backbone and disrupt intra-peptide hydrogen bonds, thus the helical structures will be destabilized (Jalili and Akhavan 2009) . It has been reported that, Aβ 1-42 can adopt a turn-helical structure in solutions containing at least 50% HFIP in volume (Jalili and Akhavan 2009; Tomaselli et al. 2006 ). We found a stable helix region in Aβ-HFIP-H 2 O system. Additionally, there was one α-helix (4 residues), three β-sheets (22 residues), four turns and three coils (16 residues) at the end of simulation. As seen, HFIP can locally enhance the backbone hydrogen bonding by removing the water molecules from the proximity of peptide through the formation of hydrogen bonds with backbone carbonyl groups, even though it is a poor proton acceptor and proton donor. However, it cannot affect the hydrogen bond between CO and NH groups. As a result, the carbonyl groups are engaged in bifurcated hydrogen bonds with both HFIP and NH, thus the helical conformation can still be stabilized (BUCK 1998).
Conclusion
A 1 μs molecular dynamics simulation was performed for each system of Aβ 1-42 with zinc ion in different solvents. From the secondary structure analysis, Aβ 1-42 in aqueous solution adopted a collapsed-coil structure. It also formed the highest amount of β-sheet structures, compared to Aβ 1-42 peptide in mixed solvent which adopted a stable helical structure evident from the central hydrophobic core and contacts of the N-and C-termini with the central helix. The presence of zinc ion produced more helices within the Aβ structure, even though a small amount of β-sheets was found in the single Aβ-HFIP/H 2 O. The data collected in our study strongly suggests that Aβ-Zn-H 2 O can produce the lowest flexibility compared to Aβ-Zn-HFIP/H 2 O, Aβ-HFIP/ H 2 O and Aβ-H 2 O models. The Aβ 1-42 does not display a unique fold, as would be the case for a typical protein.
Our results also displayed mostly coil-like structures with a few helical or strand elements. From our simulation, the residue-specific interaction of Aβ 1-42 can be investigated in atomic detail. This finding could provide better understanding on the interaction of Aβ peptide with zinc ion in Alzheimer's disease.
